Background
Low back pain (LBP) is the greatest contributor to global disability and the sixth regarding the global burden. 1 Its prevalence has more than doubled in the last 20 years. 2 LBP can be clinically classified into three categories: specific spinal pathology, radicular pain, and nonspecific LBP. Nonspecific LBP is defined as comorbidity without an attributable or recognizable known cause (i.e., tumor, fracture, osteoporosis, and radicular syndrome). 3 Few studies have suggested possible pathophysiological mechanisms in LBP as the increase of the inflammatory biomarkers tumor necrosis factor-␣ (TNF-␣), interleukins (IL)-1␣, IL-1␤, IL-6, IL-17, chemokines (CCL) 2 and 4, and a decrease of IL-10, anti-inflammatory cytokines. [4] [5] [6] [7] [8] [9] These biomarkers (e.g., cytokines) are small secreted proteins released by immune cells populations, predominantly by T Helper and macrophages cells. They have a specific effect on the interactions and communication between cells. 10 It is already known that these biomarkers can modulate neuronal activity in various classes of neurons, in both peripheral and central nervous systems. They can modify the individuals' threshold nociception, which may lead to central sensitization and maladaptive brain changes. 11, 12 Likewise, not just these biological factors contribute to pain chronification. Other factors such as kinesiophobia, pain catastrophizing, inappropriate beliefs about pain, sleep problems, and depression may also contribute to the central sensitization and pain chronification. 13, 14 Some noninvasive treatments have been used to manage this condition and decrease pain, disability, and psychological factors in individuals with LBP. Diverse types of treatment are used by physical therapists for these individuals such as exercise, manual therapy (e.g., spinal manipulation -SM), and cognitive therapies (e.g., pain education) as part of a biopsychosocial approach. [15] [16] [17] SM alone can reduce pain and disability, change the levels of some blood markers, brain regions, or change the individual's motor control. 18, 19 However, changing the individuals' beliefs about movement and pain is also needed. 20 Physical therapists have been using some of the educational interventions to achieve this goal. 21, 22 Studies have shown that SM combined with pain education had good results in individuals with LBP. 23, 24 Nevertheless, there are no studies that investigated pain control, neurophysiological, and functional effects of manipulative therapy associated with pain education compared to sham treatment plus pain education in individuals with chronic nonspecific LBP.
Therefore, the purpose of this research is to verify the effect of manipulative therapy associated with pain education on the proinflammatory biomarkers and anti-inflammatory cytokines, pain, disability, the risk of poor prognosis and fear and avoidance beliefs, kinesiophobia, quality of life, and pressure pain threshold in individuals with chronic nonspecific LBP.
This study will be a prospective study, assessor and subject blinded, 2-arm, randomized sham-controlled trial with concealed allocation and intention-to-treat approach. 
Methods

Study setting
Eligibility criteria
This study will include individuals with chronic episodes of nonspecific LBP for at least six months, 25 3 points in the Numeric Pain Rating Scale (NPRS), pain during the movement for at least one direction (flexion, extension, side bending, or rotation of the trunk), and aged between 18 and 65 years. They will be excluded if they present the following clinical conditions: (1) previous history of lumbar myelopathy, rheumatic disease, tumors, peripheral, or central neurological disorders; (2) historical of trauma, fracture, or surgery in lumbar region; (3) nerve root compression signs: important muscle weakness affecting lower limb, decrease or abolish of patellar and calcaneus reflex, and decrease of dermatomes sensibility of lower limbs.
Interventions details
After the previous assessment, individuals will be allocated into one of the two groups. In group one, subjects will receive high velocity and low amplitude techniques (HVLA) or grade V manipulation 26 to the lumbar region, and pain education based on the biopsychosocial approach. 15 In group two, individuals will receive sham treatment and pain education.
The technique applied in lumbar region will be the lumbar roll. The symptomatic spinal levels will be selected by physical therapist criteria. In this procedure, the individual will be positioned on the side lying with the supralateral leg in hip and knee flexion with the foot positioned on contralateral popliteal region to manipulate mid lumbar (Fig. 1A) , to manipulate lower back, the foot is positioned behind of contralateral ankle (Fig. 1B) , and to manipulate upper portion of low back, the foot is positioned behind the thigh in the maximum hip flexion (Fig. 1C) , and then the individual's trunk will be rotated contralaterally. The physical therapist will place his forearm in the patient's hip with the fingers located on the individual's supralateral transverse process of lumbar vertebrae; the other forearm will be in the chest/axillar region. The physical therapist forearm located at individual's hip rotates it until the end of the passive range of motion, and then, the physical therapist applies an HVLA movement. 26 The time spent to apply manipulative therapy will be around five minutes.
Pain education will be held for both groups, which consist of a biopsychosocial approach that demystifies behavioral fears and beliefs about pain and movement, explains how pain is not always involved with tissue damage or degeneration and how biological, psychosocial, and cognitive factors influence in pain perception. 15, 27 In the first session, participants will receive a structured lecture with the main points of this approach as follows: How pain is important to our lives? Pain is a good thing, like an alarm which warns us that something could be wrong. What are the factors that contribute to pain chronification? The importance of psychosocial factors (stress, anxiety, kinesiophobia, etc.) in the pain chronification; the contribution of lack of sleep and physical activity in LBP, gradual exposure in physical activity, and daily movements (i.e., bending down to pick up some object in the ground or tie the shoelace); neurophysiology of pain; and factors such as nocebo effects; no correlation between posture, image exams, and pain. [27] [28] [29] In the other sessions will be done the reinforcement of the themes covered in the first session, focusing where individuals have more difficulties to change.
In group two, individuals will receive sham treatment, which consists of manual touch in the lumbar region without any movement for five minutes. The technique must be performed with the individual positioned on the side lying with the supralateral leg in hip and knee flexion (as treatment group), and the individual's trunk will not be rotated contralaterally to avoid vertebrae cavitation. This group will also receive pain education as the treatment group.
The treatment will be performed twice a week during six weeks from both groups and from both groups, 30 with individual sessions held by physical therapists who are experienced in manual therapy and pain education. These therapists trained for six months to standardize the techniques. The treatment will be performed at the Orthopedic Ambulatory of Governador Celso Ramos Hospital.
The therapist who will apply the techniques is a physical therapist with six-year experience in manipulative therapy and three-year experience in biopsychosocial approach; the physical therapist has master's degree in physical therapy and courses related in manual therapy and biopsychosocial approach.
As described in informed consent, individuals will have guarantee rights to leave the study or to change the groups she/he has been allocated at any time of the treatment.
The individuals will be instructed about the importance of the attendance of all treatment sessions. If any individual misses a session, she/he will be contacted by phone to reschedule as soon as possible. The individuals will be advised but not prohibited from taking any concomitant treatments of physical therapy.
Primary and secondary outcome measures and assessment points
The primary outcome will be a subjective pain after six weeks treatments. Secondary outcomes will be pressure pain threshold, disability, fear and avoidance beliefs, the risk of poor prognosis, kinesiophobia, quality of life, and amount of blood biomarkers. The data related to the research outcomes will be collected by blinded assessors at baseline assessment, after six weeks (all outcomes), and three months after randomization (all outcomes with less blood sample). Details of study design can be found in Fig. 2 . The importance of complete follow-up will be made by physical therapists; if any patient discontinues the treatment, they will be contacted by phone to know the reason as to why they cannot continue the treatment; then, the therapist will try convincing them to do the maximum of possible interventions and at least the follow-ups. 
Evaluation of pain
The Numeric Pain Rate Scale (NPRS) is a unidirectional scale of pain used in adults. It is a numeric version of Visual Analogue Scale, in which an individual chooses a number (minimum of 0 and maximum of 10 points) that better describes the individual's pain intensity (0 represents "no pain," and 10 represents "worst pain ever"). Its intraclass correlation coefficient (ICC) is high (0.96). 31 
Pressure pain threshold
The pressure pain threshold will be assessed through an algometer (JTECH Commander, Salt Lake City, EUA). The pressure applied on the individuals' skin will be performed three times in each point (5 cm of both sides of the spinal process of L1, L3, and L5 vertebrae, and on the muscle belly of tibialis anterior muscle). The pressure will be measured in pounds, and the peak pressure will be automatically registered. 32 The mean of three repetitions will be used for statistical analysis. Its ICC to LBP is considered high (0.79). 32,33
Disability
The disability caused by chronic nonspecific LBP will be assessed by Rolland Morris Disability Questionnaire (RMDQ), which has 24 dichotomous yes and no questions. Its score ranges from 0 to 24, whereas as higher is the score, the worst is the disability. Its ICC is considered high (0.80). 34 
Fear and beliefs about pain
Fear and beliefs of participants will be assessed using the Fear Avoidance Belief Questionnaire (FABQ). The FABQ has 16 questions; the score of each question varies from 0 to 6 points. This questionnaire is divided into two subscales, with the first part (from 1 to 5) related to physical activity and the second part (from 6 to 16) related to labor activity. Its ICC is high (0.94). 35 
Risk of poor prognosis
The STarT Back Screening Tool (SBST) 36 will be used to assess the risk of poor prognosis of individuals with chronic nonspecific LBP. It consists of nine questions, with eight dichotomously score ("agree" or "disagree") and one question related to bothersomeness (which uses a five-point Likert scale). The overall score ranges from 0 to 9. Psychosocial subscale (items 5-9) score ranged from 0 to 5 points. Its ICC is considered as high (0.90). 37 
Kinesiophobia
Kinesiophobia will be assessed by Tampa Scale of Kinesiophobia (TSK), and it is an instrument used to assess the individual's fear of executing a movement (ex. Lumbar flexion). It has 17 questions which contemplate themes like pain and symptoms intensity. Scores above 37 points indicate kinesiophobia characteristics and how higher the score, higher the grade of kinesiophobia. Its ICC is considered high (0.95). 38 
Quality of Life
The quality of life will be assessed through the Short-Form 12 version 2 (SF-12v2), which is a self-perception evaluation related to health. This assessment includes 12 items that investigate multidimensionally physics and mental health aspects to general people with chronic diseases. 39 Its ICC with SF-36 is high for physical and mental health components (0.97 and 0.98, respectively). 40 
Blood collection and quantifying the biomarkers amount
Blood samples will be collected by a trained, licensed nurse; then, it will be processed within 10 minutes of collection by centrifugation at 7000 rpm for 7 minutes at room temperature, and then serum will be stored at −80 • C. The amount of proinflammatory and anti-inflammatory biomarkers will be measured through commercial ELISA kits (ImmunoTools GmbH, Germany). The cytokines levels, TNF-␣, IL-1␤, IL-4, IL-6, IL-8, IL-12/IL23, IL-10, IL-15, MIP-4/CCL18, MCP-3/CCL7, MCP-2/CCL8, IGP -10/CXCL10, Stromal Lymphopoietin Receptor (TSLR) and Interferon Gamma will be expressed as pg/mL serum. The C-reactive protein (CRP) will be determined through commercial kit (Bioclin, MG, Brazil). These biomarkers will be measured according to manufacturer's instructions in our laboratory by a trained experimenter. The cytokines and CRP measures will be performed in blinded conditions.
Sample size
One hundred and twenty-eight individuals, residents of the metropolitan region of Florianopolis, aged from 18 to 65 years with chronic nonspecific LBP for more than 6 months will be recruited.
Sample size calculations
The required sample size was calculated assuming a mean difference of 1.5 and a standard deviation of 2.4 41 with a power of 0.9 and a 15% of dropout to six-week follow-up; as a result, the study requires a sample size of 64 per group or 128 individuals in total. The sample size was calculated with software supported by MGH Mallinckrodt General Clinical Research Center (http://hedwig.mgh.harvard.edu/sample size/js/js parallel quant.html). For achieving adequate participant enrollment, participants will be recruited from primary care, community, face-to-face, and by social networking websites.
Recruitment
Recruitment of individuals will be conducted from the primary care, community, face-to-face, and by social networking websites. Individuals' eligibility will be assessed by blinded assessors to determine if they are eligible for this research. Then, they will be informed about the objectives of this study and asked to sign the consent form. Afterwards, the sociodemographic data will be recorded. After baseline assessment, the physical therapist will allocate the individual in one from both groups and will start the correspondent treatment. All data will be stored in Excel (Microsoft Corporation, Redmond, Washington) spreadsheets for future analysis.
Allocation
Before the treatment starts, one of the researchers not involved in the recruitment and assessment will allocate the individuals in one of both groups. Each number with a correspondent group (Manipulation or Sham) will be put inside an opaque sealed envelope, and it will be opened only in the first treatment session. This envelope will be opened, and the treatment group will be seen only by the physical therapist involved in the individuals' treatment.
Blinding
Blinding the therapist will not be possible, given the nature of this research. However, the person who allocates patients, assessors, and patients will be blinded to the treatment groups. Unblinding conditions should occur just in case of medical emergency. Blinding assessment will be applied to assessors and patients, and it will be evaluated by three possible answers (Group 1, 2, or Don't Know).
Data management
After the assessment, all participants receive an identification number and data will be stored in an internet cloud program, hard drive computer, and paper file. All data values will receive a double check by assessors before the analysis.
Statistical analysis
The intention-to-treat principles will be used in this research. 42 The descriptive data and the scores for the primary outcome (NPRS) and secondary outcomes: RMDQ, SBST, FABQ, SF-12v2 and as well as the pressure pain threshold means and the values of inflammatory biomarkers; before, after interventions, and 3 months after randomization will be tabbed on Microsoft Excel 2016. Shapiro-Wilk test will be applied to test the normality distribution of data to compare the groups; depending on this distribution, one-way ANOVA for parametric data or Kruskal-Wallis test for non-parametric data will be used. One-way ANOVA or another Kruskal-Wallis will be applied to compare groups on preintervention, and the data will be presented by mean and standard deviation.
Covariance analysis (ANCOVA) will be conducted to assess the treatment effect on the following outcomes: scores obtained on RMDQ, FABQ, SF-12v2, SBST, and NPRS, pressure pain threshold, and the blood biomarkers concentrations, using the post-treatment means as dependent variables, the pretreatment means as covariables, and the group as a fixed factor.
For these analyses, the Statistical Package for the Social Sciences (IBM SPSS version 20.0, IBM Corp, Armonk, NY) will be used.
Data monitoring, harms, and auditing
The therapists will review all significant adverse events that might occur during the assessment or treatment. The study will be modified or stopped if it is determined by the safety monitor in consultation with the Federal University of Santa Catarina Institutional Review Board (IRB).
Adverse events that are unexpected, related to study procedures, and place individuals at increased risk of harm will be reported to the Santa Catarina Federal University IRB as soon as possible. An adverse event is considered unexpected if it is not a known risk of the study procedures and is not consistent with the expected natural progression of any underlying disease or condition of the participant.
Ethics approval and consent to participate
This study was approved by the Santa Catarina Federal University IRB (#52801515.3.0000.0121). All participants will provide informed consent before participating in this research, which will be collected by the assessor who will allocate the participant. The authors do not have any conflict of interest. If there will be any important modification in the protocol, the relevant parts will be reported, and the amendments will be made to the databases.
The content is uniquely the responsibility of the authors and does not necessarily represent the official views of the Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq), Coordenaç ão de Aperfeiç oamento de Pessoal de Nível Superior (CAPES), or Hospital Governador Celso Ramos (HGCR), and they have no ultimate authority over any activity.
Only researchers enrolled in this study will have access to information about individuals. If there is any proven complication that was caused by the treatment, another treatment will be on offer to an individual. If any individual suffers some harm from trial participation, the proper treatment will be offered to help them recover this initial condition.
The final trial data set will be available to the investigators; to ensure confidentially, the data will be blinded to avoid any identifying information.
Once the data have been analyzed and the primary results published, the results of this study will be made publicly available on ClinicalTrials.gov. The full protocol will be available to the public on request.
A person will only be included as an author of this research if she/he makes strong and important contributions to research such as assessing, data analyzing, writing, etc.
Discussion
Significance of the study
Psychosocial factors are more involved in chronic pain than we thought a few years ago. Up to date, there are no randomized controlled trials investigating and comparing the neurophysiological and functional effects of manipulative therapy associated with pain education in relation to sham treatment in individuals with chronic nonspecific LBP. An appropriate comparison against a sham group will arrange for more unbiased estimates the intervention effects.
Some studies had shown that manipulative therapy and pain education had diminished pain and disability. 20, 43, 44 However, the majority showed small treatment effect with immediate or short-term effects, mainly in manipulative therapy, and anyone shown the neurophysiological consequence of these interventions in a large symptomatic sample. Understanding the role and the changes of biomarkers after treatment in LBP may suggest the mechanisms involved in cellular level, and we should rethink about the approaches used to treat this condition.
Strengths and weakness of the proposed protocol
This is a prospective registered randomized sham-controlled trial with concealed allocation. An intention-to-treat approach will be used, and the sample size was calculated to provide a statistical power to detect between-groups difference in the outcomes. The assessors and individuals will be blinded to treatment. The Physical Therapists who will apply the treatments both have considerable experience and a Master's Degree in physical therapy. Meanwhile, this trial has some limitations. Unfortunately, the therapist will not be blinded due to the interventions, and one of the themes approached in pain education is a physical activity which depends on participants' enthusiasm. Another limitation is that there are many secondary outcomes that can make type I error.
